Background: Coronary artery disease (CAD) is the leading cause of mortality and morbidity worldwide. Previous studies have shown that complement component 3 (C3) is associated with atherosclerosis and cardiovascular risk factors.
Introduction
Coronary artery disease (CAD) is the leading cause of mortality and morbidity in developed countries, as well as in developing countries [1] . China is representative of a developing country. Recently, a report on cardiovascular disease (CVD) revealed that approximately one in five Chinese adults is afflicted by CVD, and that the number of CAD patients is more than 11 million [2] . With the increasing trend of aging in China, the incidence of CAD is bound to increase. Growing evidence suggests that CAD is a multi-factorial condition that is determined by environmental and genetic factors [3] .
In recent years, studies have found that activation of complement system plays an important role in the pathogenesis of CAD [4] . The third complement component (C3), mainly secreted by liver and adipose tissue, is the central component of the complement system and plays a crucial role in the immune system. Activation of C3 is the most important step for the biological activity of the complement system. A high fish oil diet promotes the production of the membrane attack complex and increases the levels of various complement proteins in vivo, including C3 [5] . Previous studies have shown that C3 is associated with atherosclerosis and cardiovascular risk factors. Increased deposition of C3 within the intima of atherosclerotic lesions suggests that complement may play a direct functional role in atherosclerosis. Preclinical and clinical evidence suggested that complement C3 might be a biomarker of insulin resistance and cardio-metabolic diseases [6] [7] [8] . Bratti et al. revealed that the C3 level was positively correlated with body mass index and significantly decreased with weight loss after bariatric surgery. Jiang et al. found that in CAD patients, serum C3 was significantly higher than in controls, and was positively associated with the severity of CAD [9, 10] .
The C3 gene is located in human chromosome 19p13.3-2 and contains 41 exons. Although the relationship between gene polymorphisms and CAD risk has been investigated extensively, studies focused on C3 variants were relatively few and the results were inconsistent. A mutation in the C3 gene could result in an increase in circulating C3 concentrations and was related to dyslipidaemia and cardiovascular disease [11] . In 2015, Nsaiba et al. found that schizophrenic patients with the rs2230199 GG genotype had higher total cholesterol (TC) and, lower density lipoprotein cholesterol (LDL-C) and C3 levels compared with those with the CC genotype [11] . In addition, a strong positive correlation was found between the C3 polymorphism and myocardial infarction in a Tunisian population [12] .
To the best of our knowledge, no study has thoroughly investigated the effect of C3 gene polymorphisms on CAD and lipid profiles in Chinese population. Therefore, we performed this hospital-based case-control study to explore the relationship between C3 tagSNPs and the lipid levels and CAD risk in a Chinese population.
Methods

Subjects
From October 2012 to July 2017, a total of 1017 unrelated adult subjects were enrolled in this hospital-based case-control study from the Department of Cardiology in Wujin Hospital affiliated with Jiangsu University. Of the 1017 subjects, 580 were CAD patients (410 males and 170 females, mean age of 64.16 ± 9.93 years) and 437 were non-CAD controls (227 males and 210 females, mean age of 61.26 ± 9.35 years). All participants were Chinese and underwent a coronary angiography examination. Coronary angiograms were evaluated by at least two experienced cardiologists. CAD was defined as a stenosis diameter greater than 50% in at least one major coronary vessel (left main, left anterior descending, left circumflex, right coronary artery, and large branches). Non-CAD controls, selected from individuals admitted to the hospital to rule out CAD, also underwent a coronary angiography examination. The luminal stenosis of all of the major coronary arteries must be less than 50%. Diagnoses of EH and DM were described in a previous study [13] . In addition, individuals with rheumatic disease, asthma, infection, malignancy, serious kidney or hepatic disease were excluded from this study.
Written informed consent was obtained from all included participants. The study protocol conformed to the ethical guidelines of the Declaration of Helsinki and was approved by the Ethics Committee of Wujin Hospital affiliated with Jiangsu University.
Selection of C3 gene polymorphisms
TagSNPs of the C3 gene were searched in the International HapMap Project database (http://hapmap.ncbi. nlm.nih.gov/cgi-perl/gbrowse/hapmap3r2_B36/). The detailed strategy was as follows: Population: CHB; Pairwise methods: Tagger Pairwise; RSquare cut off: 0.80; and MAF cut off: 0.10. In total, eight SNPs met the requirements and were included in the present study (rs2250656, rs344555, rs11672613, rs2287848, rs7257062, rs2230205, rs2277984, and rs2241393). The detailed information of the eight SNPs is shown in Additional file 1: Table S1 .
DNA genotyping
After overnight fasting, peripheral venous blood (2 ml) was collected from each patient. The methods for genomic DNA extraction and storage were described in our previous study [14] . The polymerase chain reactionligase detection reaction (PCR-LDR) method was performed to identify the genotypes of each polymorphism. The PCR primers and LDR probes were designed with Primer 3 online software (Version 0.4.0) (http://frodo.wi. mit.edu/), and Oligo software (Version 6.31) (Molecular Biology Insights Inc., USA), respectively. Information regarding the PCR primers and LDR probes is provided in Additional file 1: Tables S2 and S3 . Multiplex PCR was conducted in a 25 μl total volume of reaction system containing 1 μl genomic DNA, 2 μl 1 × buffer, 0.6 μl Mg 2+ , 2 μl dNTP, 0.2 μl DNA polymerase, 2 μl Primer mix, and 12.2 μl ddH 2 O. Multiplex PCR was carried out under the following conditions: initial denaturation at 95°C for 2 min, followed by 40 cycles (94°C for 90 s, 53°C for 1.5 min, 65°C for 30 s), and terminal extension 65°C for 10 min. After PCR amplification, LDR was performed with a 10 μl volume of reaction system comprising 4 μl PCR product, 1 μl 1 × buffer, 1 μl Probe mix (2 pmol/μl), 0.05 μl Taq DNA ligase, and 4 μl ddH 2 O with 40 production cycles of pre-denaturation at 95°C for 2 min, annealing at 94°C for 15 s, and extension at 50°C for 25 s. The genotypes of the complement C3 SNPs were identified by an ABI PRISM 3730 sequencer, and the data were analysed by Genemapper software. To ensure the accuracy of the results, approximately 2 % of samples were selected randomly for sequencing.
Serum lipid and C3 levels
The lipid level detection methods, including TC, triglyceride (TG), high density lipoprotein cholesterol (HDL-C) and LDL-C, apolipoprotein A1 (Apo A1) and Apo B, were described in our previous study [15] . The serum C3 levels were detected by the radio-immunoassay method, according to the instructions for the kit (Roche Diagnosis Co., Ltd., German).
Statistical analysis
Continuous variables with normal distribution were presented as the means ± standard deviation (SD) and compared with an independent-sample t-test or ANOVA test, otherwise presented as median [quartile ranges (QR)] and compared by using Mann-Whitney U or Kruskal-Wallis H test among groups. Hardy-Weinberg equilibrium was calculated by the Chi-square (χ 2 ) test. The differences of allelic and genotypic frequencies between CAD patients and controls were also examined by the Chi-square test. Codominant, dominant and recessive models were used for multiple comparisons. In multiple comparisons, Bonferroni correction was performed to assess the effect of genetic polymorphisms on CAD (Bonferroni corrected P, Pc = P*8) and lipid profiles (Pc = P*16). The association between the genotypes and CAD risk was evaluated by calculating the values of the odds ratios (ORs) and 95% confidence intervals (CIs). Unconditional logistic regression analysis, with adjustment for risk factors of CAD (age, gender, smoking, EH, DM and dyslipidaemia), was also used to analyse the association between the risk for CAD and tagSNPs. Linkage disequilibrium analysis and haplotype analysis were assessed by Haploview 4.2 software package (version 4.2). All statistical analyses were performed with SPSS software (version 17.0, SPSS Inc., Chicago, Illinois, USA). A two-sided P value less than 0.05 was considered as statistically significant.
Results
Clinical characteristics of subjects
The clinical characteristics of CAD patients and controls are summarized in Table 1 . In comparison with controls, patients were older. The prevalence of males and rates of essential hypertension (EH), diabetes mellitus (DM) and smoking were higher among patients than among controls. In lipid profiles, CAD patients had higher TC, triglyceride (TG), LDL-C and ApoB levels than controls. On the contrary, high-density lipoprotein cholesterol (HDL-C) and ApoA1 levels were lower in patients than in controls.
Serum C3 levels and the risk of CAD
A total of 143 samples including 73 controls (43 males and 30 females, mean age of 62.49 ± 8.43 years) and 70 CAD patients (47 males and 23 females, mean age of 65.00 ± 10.24 years) were randomly selected to detect the serum C3 levels. There were no significant differences in the ages and gender between the two groups (P > 0.05). The C3 levels were positively associated with the LDL-C levels (r = 0.269, P = 0.001). Compared with those in controls, the C3 levels in CAD patients were significantly higher (Control: 0.94 + 0.14 g/l; CAD: 1.10 + 0.19 g/l, t = 5.910, P < 0.001). Logistic regression analysis, with adjustment for gender, age, smoking, EH, DM and lipid profiles, showed that the C3 levels remained significantly associated with the risk of CAD (P < 0.001).
Association of C3 tagSNPs and the risk of CAD
All genotypic frequencies in controls, except rs2230205, were in accordance with Hardy-Weinberg equilibrium. The distributions of the allelic and genotypic frequencies of C3 polymorphisms in CAD patients and controls are shown in Table 2 . No significant differences in the genotype and allele frequencies were observed between patients and controls (Bonferroni corrected P, Pc > 0.05). Codominant, dominant and recessive models were used for multiple comparisons. In multiple comparisons, no significant association of C3 tagSNPs and CAD risk was found after adjusting for age, gender, EH, DM, smoking and lipid profiles (Additional file 1: Table S4 ). Table 3 shows the association of C3 tagSNPs and lipid profiles, after Bonferroni correction of P-values, the minor T allele of rs2287848 was associated with low ApoA1 levels in controls (Pc = 0.032). 
Association of C3 tagSNPs and lipid profiles
Association of and C3 tagSNPs and serum C3 levels
No significant association between C3 tagSNPs and C3 levels was found in the whole population (data not shown). Stratified analyses suggested that C3 polymorphisms were not associated with C3 levels in either cases or controls.
Linkage disequilibrium and haplotype analysis
Additional file 1 Table S5 lists the result of the linkage disequilibrium and haplotype analyses. A total of two haplotype blocks (Block1: rs344555-rs2277984, Block 2: rs2287848-rs11672613) and six haplotypes were established ( Fig. 1 ). Haplotype analysis indicated that there were no significant associations between haplotypes and the risk of CAD (all Pc > 0.05).
Discussion
To our knowledge, this is the first study to evaluate the relationship between tagSNPs in the C3 gene and the lipid levels and CAD risk in a Chinese population. In the present study, we found that C3 polymorphisms were associated with lipid levels, but not the risk of CAD. Complement activation is fundamental to the immune defence of the host. But if the complement component becomes excessive activation, it can lead to various diseases including inflammatory and cardiovascular diseases. C3 has been identified as the central component of the complement system and plays an important role in the pathogenesis of cardiovascular diseases [8] . Cohort studies of the general population demonstrated that high concentrations of complement C3 were associated with diabetes incidence and an increased risk of diabetic microvascular disease [16, 17] . In a case-control study, the serum levels of C3 and C4 were significantly increased in acute myocardial infarction patients and stable angina patients compared with controls [18] . Dyslipidemia, such as high LDL-C and low HDL-C, plays a crucial role in the occurrence and development of CAD and, has been widely accepted. In recent years, numerous studies have demonstrated that C3 is strongly associated with lipid levels and CAD risk [18, 19] . Inhibiting the interaction between C3 and fibrinogen could reduce cardiovascular events in diabetic patients [20] . In our study, we found that the C3 level was positively associated with the LDL-C levels and risk of CAD, which was consistent with previous results.
Recently, studies suggested that variations in the C3 gene could result in a change in the C3 concentration [21] . In 2009, Phillips detected 11 tagSNPs in C3 in French people with metabolic syndrome. They found that rs2250656 A allele carriers had obviously higher C3 levels than those with the GG genotype [22] . Another study conducted in European systemic lupus erythematosus families revealed that the rs344555 polymorphism Fig. 1 Haplotype block map for tag SNPs of C3 gene in the whole population was strongly related to the level of C3 and that the rs2277984 polymorphism was weakly correlated with C3 level [23] . Moreover, the variants in the C3 gene might influence the activation pathway by changing the molecular structure of C3, in addition to changing the C3 level [24] . Eight SNPs were selected as tagSNPs in our study. Interestingly, no association between C3 polymorphisms and the C3 level was found in the study, which was inconsistent with previous studies. The reasons for this discrepancy might be partly due to the different ethnicities, environmental factors and our relatively small sample size. In addition, a GWAS on complement activation (defined as serum C3d-to-C3 ratio) had been published in patients with AMD recently [25] . It might be interesting to look if C3 polymorphisms were related to the C3d-to-C3 ratio and the CAD risk in our next study. Previous studies have shown that complement C3 SNPs were significantly associated with the lipid levels and risk of CAD in different populations [11, 22, 26] . In 2009, Phillips et al. revealed that the polymorphism rs2250656 (in the 2nd intron) was associated with metabolic syndrome and lipid levels. Individuals with a Callele had lower HDL-C levels and higher TG levels than those with a GG genotype [22] . As early as 1972, Dissing et al. found that the C3 gene polymorphism was associated with atherosclerotic disease in the elderly in a population in Copenhagen [26] . Kristensen et al. [27] found that C3F polymorphisms were associated with the incidence of CAD in patients with high blood pressure and suggested that the C3F allele might speed up the process of artery hardening in hypertension patients. C3 gene polymorphisms might effect on the express of C3, which interferes with the metabolism of lipids, and leads to the presence of CAD.
Although many studies on the relationship between C3 polymorphisms and CAD susceptibility have been conducted to date, the results are inconsistent. Some studies suggested that the C3F polymorphism was not associated with CAD risk [28] . In the present study, we explored the relationship between variants of the C3 gene and the susceptibility to CAD and lipid levels by tagSNPs in a Chinese population. In recent years, two studies were conducted to explore the association between polymorphisms of the Complement 3 gene and diseases in Chinese Han populations [29, 30] . We found the frequencies of alleles in controls in the present study were similar to those in their studies. The results of the present study revealed that C3 polymorphisms were associated with lipid levels, but the genotype and allele distributions in C3 tagSNPs were not significantly different between CAD patients and controls.
There were several potential limitations in the present study. First, the tagSNPs were selected using MAF ≥ 0.1 and r 2 ≥ 0.8 as a cutoff, these thresholds might omit some significant but rare variations. Second, the sample size was relatively small. Therefore, future studies with a larger sample size should be conducted to confirm the findings of the current study. Third, diagnosis of control subjects was mainly according to the results of coronary angiography, potentially resulting in selection bias. Further studies are needed to evaluate the effect of C3 SNPs and serum C3 levels and their contribution to CAD.
Conclusions
The study evaluated the relationship between tagSNPs in C3 gene and lipid levels and CAD risk. The results showed that C3 gene polymorphisms were associated with lipid levels, but not CAD susceptibility in the Chinese population.
